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A group of small RNA viruses belonging difficult to obtain from traditional sources.
to the families Togaviridae, Bunyaviridae, Research on them is focused in a few re-
Arenaviridae, and Filoviridae cause hem- search institutes specializing in tropical
orrhagic, encephalitic, or febrile disease medicine. Traditionally, the United States
throughout large areas of the world. All are Army has been a major contributor to such
associated with insect or rodent vectors research efforts, with laboratories both in
whose interaction with humans defines the the United States and overseas in several
mode of disease transmission. Because endemic areas, and through an extramu-
these viruses occur primarily in Asia, Af- ral contract/grant system to support such
rica, and South America they are typically work. The Centers for Disease Control
considered in the context of "tropical med- (CDC) also conducts significant work in
icine" and are considered as "exotic vi- this field. Summarizing the field of clini-
ruses," both because of their unusual biol- cally important viral diseases in tropical
ogy of transmission and the increased level medicine is beyond the scope of this chap-
of biohazard protection, biosafety level ter, and the reader is referred to major
BL2 to BL4, required for their safe han- reviews in the references for further in-
dling in the laboratory. Because they tend formation (1-3). Where several of these dis-
to occur either in underdeveloped coun- eases represent either significant health
tries, or with such low frequencies, the de-
velopment of antiviral therapies has not
been a commercial priority. Further, fund- - The views of the authors do not purport to reflect
ing for studying many of these viruses is the position of the Department of Defense.
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threats to large numbers of individuals or Bunyaviruses
are useful prototype illnesses, significant
work on antiviral chemotherapy has been The Bunyaviridae family comprises more
done. The United States Army Medical than 200 named viruses divided into five
Research Institute of Infectious Diseases genera. Many of the Bunyaviridae members
(USAMRIID) has, for several years, had are firmly established as human pathogens.
the only major drug discovery program di- Three of these diverse array of viruses
rected specifically at many of these viruses, stand out as significant global problems:
with a screening capacity of 1,500 com- Rift Valley Fever, Crimean Congo hemor-
pounds per year against 1 I viruses, as well rhagic fever, and hemorrhagic fever with
as animal models for studying many of the renal syndrome (4).
diseases.

The task of drug development is ham-
pered by our limited understanding of many Hemorrhagic Fever with Renal Syndrome
of the diseases and the viruses that cause
them, due often to the remote location of Etiologic Agent
outbreaks and the inherent problems inconducting sophisticated studies in such lo- Following the propagation of hantaan vi-

rus in Apodemus (5) and its adaptation tocations. Drug discovery is constrained by cell culture (6), the agent was identified as
the requirement of utilizing biocontainment a ultu by the ag e t mi crs
facilities, to include BL3 and BL4 or
"spacesuit" laboratories, with their associ- copy klEM) (7-9) and described as spheri-
ated support facilities. This has signifi- cal, enveloped virions, with an average
cantly limited the number of laboratories diameter of 95 nm. Biochemical charac-

able or willing to participate in develop- terization revealed that hantaa, like other
ment. In spite of these difficulties, signifi- members of the Hantavir eus aof the
cant progress has been made in developing family bunyaviridae, possesses a single-
therapy for the viral hemorrhagic fevers stranded RNA genome of tripartite anti-
and several lead compounds are now being sense message enclosed in a ribonuclease-
studied for febrile and encephalitic ill- sensitive nucleocapsid surrounded by a
nesses lipid envelope containing two virus-speci-

fied glycoproteins (10-13). No serological
relationship can be demonstrated between
hantaan virus and any other member of theVIRAL HEMORRHAGIC FEVERS Bnyaide(4)Runyaviridae (14).

Viral hemorrhagic fevers cause severe
clinical illness and represent a significant Epidemiology
health threat in several areas of the world,
as seen in overview in Table 1. They are Hemorrhagic fever with renal syndrome
caused by small enveloped RNA viruses (HFRS) is a group of closely related dis-
transmitted by specific vectors or contact eases known by several synonyms (epi-
with rodent host. Their clinical presenta- demic hemorrhagic fever, Churilov disease,
tion is similar although they are caused by epidemic nephritis, epidemic nephroso-
members of the Togaviridae, Bunyaviri- nephritis, hemorrhagic nephroso-nephritis,
dae, Arenaviridae, and Filoviridae fami- Songo fever, Korean hemorrhagic fever,
lies. Successful clinical trials of ribavirin Far Eastern hemorrhagic fever, nephropa-
have been completed against two of these thia epidemica, endemic benign nephropa-
diseases. thy, virus hemorrhagic fever, muroid virus



EXOTIC RNA VIRUSES 693

nephropathy) (15). HFRS is caused by cases per year and occurs predominantly in
three of the four distinct viruses in the ge- rural areas among farmers, foresters, and
nus Hantavirus of the family Bunvaviridae soldiers stationed in the field. It is most
(16,17) and is acquired by contact with prominent in males (60-80%). In Korea,
chronically infected rodent hosts. Hantaan 1 000 cases are seen each year. The disease
viruses, the cause of Korean hemorrhagic has two seasonal peaks: one in late fall (Oc-
fever in Korea (18,19) and epidemic hem- tober through January) and a smaller peak
orrhagic fever (Songo fever) in China in early summer. In addition to infection
(20,21) and Japan (22), and hemorrhagic ne- from natural sources, more than 200 labo-
phroso-nephritis in the Soviet Union (23- ratory-acquired infections have been noted,
27) are associated with the rodent host Apo- both in laboratories working on HFRS and
demus agrarius (striped field mouse) (5,28). among animal handlers in laboratories (due
Puumala virus, the cause of nephropathia to persistently infected rats). Several infec-
epidemica in Scandinavia, is transmitted by tions have been traced to infected animal
Clethrionomys glariolus (bank vole) (29), colonies, although the scientific community
and Seoul virus, the cause of a less severe has now taken steps to control infection
form of HFRS in China and Korea, is as- through testing of breeding stocks.
sociated with Rattus rattus and Rattus
norvegicus (urban rats) (30). A severe form
of HFRS is recognized across Asia includ- Clinical Features of Severe Form
ing Korea (5), People's Republic of China
(31,32), Japan (33), Hong Kong, Malaysia, The characteristic features of HFRS are
Singapore (34), and the Eastern USSR (24- a triad of fever, hemorrhagic phenomena,
28). A milder form, nephropathia epidemica and renal insufficiency. Disease severity
(35), occurs west of the Ural mountains in ranges from mild to grave based upon dis-
Scandinavian countries of Sweden (36), criminators of severity, but no simple prog-
Finland (29), Norway (37), and Denmark nostic indicators of clinical severity are
(38), associated with puumula virus. Iso- available on admission to predict outcome.
lated cases of a mild form of HFRS have In most patients, the clinical course can be
been reported in France (39), West Ger- divided into five often overlapping stages,
many, Belgium (40), Scotland (41), and but individual patients can be quite vari-
Italy, whereas a severe form occurs season- able, skipping some stages entirely (16.44,
ally in Hungary (42), Czechoslovakia (43), 51-56). The specific diagnosis of classical
Rumania (44), Bulgaria (45), Albania, Yu- HFRS depends on recognition of its char-
goslavia (46), and Greece (47,48). acteristic multiphasic features together

Unlike other vectorborne Bunyaviridae, with an appropriate exposure history. Se-
infection with hantaviruses is apparently rologic confirmation of specific immuno-
associated with contacting chronic, asymp- globulin M (IgM) can be made (within 8 hr)
tomatically infected rodent hosts. Trans- in most patients on admission [>95% in
mission is believed to occur via aerosolized People's Republic of China (PRC) study
urine or feces of rodents (49,50); infection (57)] either by indirect immunofluorescence
from contact with bodily fluids of infected (IF) on hantaan-infected Vero E6 cells or
individuals has not been documented. It is by an 1gM enzyme immunosorbent assay
apparent that the epidemiology of hantavi- (ELISA) (57,58).
ruses is intimately associated with the com- Febrile Phase. A prodrome is rare. The
plex ecology of their principal vertebrate incubation period of HFRS ranges from I
hosts. Disease in China is variously esti- to 4 weeks, with an average of 14 days, and
mated from 100,000 to more than 500,000 extremes of 4 and 60 days. The febrile stage
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begins with abrupt onset of high fever (39°C monary edema, and electrolyte abnormali-
to >40'C), chills, malaise, and myalgia, fol- ties.
lowed by headache, eye pain, dizziness, Diuretic Phase. Clinical recovery begins
and anorexia. Within 1-3 days, large ex- with the onset of the diuretic stage, which
travasation of plasma into the peritoneum may last for days to weeks. Diuresis may
and retroperitoneal space results in severe be delayed due to dehydration, electrolyte
back and abdominal pain. Vascular dysre- imbalance, and infection in some patients.
gulation leads to characteristic flushing of Diuresis of 3-6 liters daily is the rule and

the face, neck, and chest together with con- can give rise to marked, life-threatening
junctival hemorrhage. High white blood shifts in fluid and electrolyte balance. The
cell (WBC) counts are prognostic of severe convalescent stage lasts for several months
disease. During the early febrile stage, the and is characterized by progressive recov-
urine may contain small amounts of albu- ery of glomerular filtration rate, renal blood
min, which increases abruptly in the late fe- flow, and urine concentrating ability. In
brile phase. This stage lasts 3-7 days. Most China, most patients return to light duty
patients seek medical care toward the end during this period, but anemia and hypo-
of this phase. thaenuria may persist for months to years.

Hypotensive Phase. The hypotensive
stage occurs coincident with deferves-
cence; hypotension develops abruptly, last- Clinical Features of Mild Form
ing from several hours to 3 days. The clas- (Nephropathica Epidemica)
sical picture of shock may occur, including
tachycardia, narrowed pulse pressure, hy- The characteristic features of nephro-

potension, cold and clammy skin, and pathica epidemica (NE) are biphasic, con-

dulled sensorium. Purpura and mucosal sisting of fever and renal insufficiency (29).

bleeding from respiratory, genitourinary, Mortality in NE is low (<I%). The incu-

and gastrointestinal tracts may occur. Mas- bation period of NE averages I month

sive proteinuria is accompanied by a pro- (range 3 days to 6 weeks), and a prodrome

gressive fall in urinary specific gravity, is rare. The febrile stage begins with abrupt

Oliguric Phase. The oliguric stage lasts onset of high fever (39-40'C), chills, mal-

3-7 days. Blood pressure begins to nor- aise, and headache, which last 2-9 days.

malize, but many patients become hyper- Between the third and fourth days, somno-

tensive due to relative hypervolemia. lence, nausea, vomiting, back pain, and oc-

Prolonged periods of hypertension are pre- casionally joint pain appear, heralding the

dictive of poor prognosis. Bleeding tenden- onset of the renal phase. Restlessness and

cies increase in severity as manifested by blurred vision are seen in one-fourth of pa-

extensive purpura, mucosal hemorrhage, tients, whereas characteristic severe ab-

and cerebral hemorrhage. Urine output, al- dominal pain, sometimes diffusely localized

ready compromised to a variable degree be- to the right lower quadrant, occurs in some

cause of renal hypoperfusion, falls to ohi- patients. Renal involvement generally ap-

guric or even anuric levels associated with pears with lysis of fever. Clinical signs are

increasing uremia. Serum creatinine levels accompanied by proteinuria (100%, peak-

may increase dramatically to greater than ing at I week), oliguria (>50%), and azo-

10 mg/dl, with blood urea nitrogen (BUN) temia (>85%). Elevations of serum creati-

increasing to over 200 mg/dl. Central ner- nine of 2-10 mg/dl and BUN of 50-200 mg/
vous system (CNS) symptoms and pulmo- ml may be accompanied by mild electrolyte

nary edema may occur in severe cases. derangements. Mild hypotension is seen in
Nearly 50% of deaths occur in this stage, 40% of patients during the first week, but

generally associated with renal failure, pul- hypertension is not seen. Oliguria is short



698 CHAPTER 18

lived and is followed by polyuria of 3-4 li- depressed activity, hind limb paralysis, and
ters per day for 7-10 days. Hypothenuria is ultimately death (61).
universal. Cylindruria, pyuria, and micro- Ribavirin treatment of infected suckling
scopic hematuria are seen in most patients, mice was initiated at different stages postin-
but gross hematuria is rare. Mild leukocy- oculation, with doses ranging from 0 to 100
tosis and thrombocytopenia occur during mg/kg continued over 14 days. Treatment
the renal phase of illness. With the onset of started at the onset of viremia on day 6 or
polyuria, clinical recovery begins. Patients at the appearance of viral antigen in tissues
are subjectively well within 14-17 days fol- on day 10, resulted in a decrease in signs of
lowing onset of fever. illness, an increase in survival, and an in-

crease in mean time to death (MTD) in mice
that died. The effects of ribavirin were

Prevention and Treatment of Severe Form dose-dependent. To characterize the mech-
anism of protection produced by ribavirin

No prevention is currently available, al- in the suckling mouse model, a serial sac-
though efforts to develop both conventional rifice study was performed employing the
and recombinant vaccines are underway. most promising treatment regimens: 25 mg/
Treatment consists of supportive care, with kg begun on day 6, and 50 mg/kg begun on
careful attention to fluid balance. Mortality day 10, with corresponding controls of pla-
of untreated disease ranges from 15% to cebo treatment and no treatment (60). This
greater than 50%, and with best supportive study established that protection was asso-
care without renal dialysis varies from 5% ciated with decreased viremia and de-
to more than 30%. In facilities with inten- creased tissue antigen in multiple organs,
sive care, including aggressive use of renal including liver, spleen, lung, kidney, and
dialysis, a mortality rate of 2-3% is associ- brain. The fluorescent 'Antibody response,
ated primarily with hemorrhage. although delayed by 2 days in ribavirin-

treated animals, followed a course similar
to control animals. Neutralizing antibody

Experimental Therapeutics appeared at the same time in both treated
and control groups. The favorable effects of

Preclinical Studies. In vitro studies have ribavirin on hantaan viral infection in suck-
shown that hantaan virus is among the most ling mice are especially impressive because
sensitive of RNA viruses to ribavirin. By drug toxicity peculiar to suckling mice lim-
way of comparison, plaque reduction 50% its drug doses to levels that are subopti-
effective dose (ED,0) values for Rift Valley mal for cures in other bunyavirus mouse
Fever (RVF) virus (ED,, = 80 g/ml) and models. Attempts to develop an adequate
sandfly fever [SF (Sicilian)] virus (ED0 = primate model for HFRS have not been
77 iig/ml) are substantially higher than for successful.
hantaan virus (ED50 = 25 .g/ml). Clinical Trials. The success of these

Early studies showed that ribavirin could preclinical studies prompted a clinical trial
prevent the appearance of hantaan antigen in the PRC from 1985 to 1987 (57,58,60).
in the lungs of experimentally infected ro- A prospective, randomized, double-blind,
dents belonging to the species Apodemus placebo-controlled clinical trial of intrave-
agrarius, the natural viral host (59). Sub- nous ribavirin therapy of HFRS (33 mg/kg
sequently, ribavirin has been evaluated in loading dose; 16 mg/kg every 6 hr for 4
suckling mice infected with hantaan virus at days; 8 mg/kg every 8 hr for 3 days) was
24 hr of age (60). These mice develop vire- conducted in a nine-site study in Hubei
mia, detectable viral antigen in tissues, and Province, PRC (57). During two epidemic
a clinical syndrome marked by weight loss, seasons, 244 patients met the study criteria
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for analysis (enrollment within 4 days of fe- vitro (63), mortality was not reduced and no
ver onset, extended to 6 days the second significant treatment effect was found at
season, with clinical diagnosis serologically doses of I x 10' U per day for 5 days, al-
confirmed by lgM ELISA). Statistical anal- though indications of reduction in bleeding
ysis demonstrated random assignment of tendencies were noted. Higher doses were
patients between treatment groups. Reduc- not tested due to dose-limiting toxicity.
tion in mortality was the most important
(primary) determinant of the drug efficacy.
Treatment significantly reduced mortality Prevention and Treatment of NE

from 10 of 118 in the placebo group to 3 of
126 in the ribavirin-treated group (p = No preventionis currently available, and
0.041 by a stratified Fisher's exact test). A treatment consists of supportive care with
stratified analysis of all valid patients en- renal dialysis when required. Ribavirin has
tered in both years of the study showed not been evaluated in this form of the dis-
mortality was significantly reduced among ease.
ribavirin-treated, compared to placebo-
treated patients when comparisons were Rift Valley Fever
adjusted for baseline risk estimators of
mortality [total serum protein and AST Etiologic Agent
(SGOT) identified in the placebo group by
logistic regression], utilizing a stepwise lo- RVF, an old-world phlebovirus, shares
gistic procedure [p = 0.02 (two-tailed)]. with other members of the Bunvaviridae
This improvement in survival may be par- family a lipid-enveloped spherical structure
tially explained by the reduction in kidney with a diameter of 90-120 nm, with 5-10 nm
damage seen in the drug-treated group. Ri- surface projections. They mature by bud-
bavirin treatment decreased: maximum ding into the cisternae of the Golgi region.
serum creatinine (p = 0.05), duration and The virion contains two surface glycopro-
magnitude of hypertension, fraction of pa- teins, GI and G2, which are the hemagglu-
tient entering oliguria (p = 0.02). Ribavirin tinin (HA) and neutralization targets. It has
therapy decreased the fraction of patients a negativestranded segmented tripartite ge-
experiencing hemorrhagie (p = 0.03). Ri- nome composed of three RNA species des-
bavirin shortened the duration of each post- ignated large (L), medium (M), which codes
febrile clinical phase. The only significant for GI and G2, and small (S). which codes
side effect was a reversible anemia. for the nucleocapsid protein and may be of

Ribavirin is currently an investigational "ambisense" polarity.
new drug for HFRS and has not been li-
censed. Intravenous ribavirin therapy at
appropriate doses has provided the first ef- Epidemiology
fective therapy for early treatment of H FRS
in this study. Treatment reduced mortality RVF, distributed throughout sub-Saharan
and improved several important aspects of Africa, causes serious and occasionally fa-
the clinical course. An ongoing clinical trial tal infections in humans (64-68). Epizootics
for the treatment of all patients is continu- have been documented in Kenya. South
ing among United States troops who con- Africa, Namibia, Mozambique, Tanzania,
tract the disease in Korea and Okinawa. Uganda, Zimbabwe, Sudan, Central Afri-

A similar study was also conducted in can Republic, Rhodesia, and Egypt as
Wuhan, PRC (62) to evaluate recombinant widely spaced outbreaks during the rainy
interferon-ot therapy of HFRS. Although season that infrequently extend to the next,
hantaan virus is sensitive to interferon-a in then disappear for several years. RVF first
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appeared in Egypt in 1977 when an esti- tion of headache, meningismus, vertigo,
mated 200,000 cases occurred with 598 re- confusion, hallucinations, and recrudes-
ported deaths. Most cases had a typical cence of fever. The case fatality rate is un-
febrile illness, but predominant compli- known but has been estimated at 10% (3).
cations included hemorrhagic fever, en- Recovery is slow but without sequelae.
cephalitis, and exudative retinitis. RVF is Ocular complications occur late in oth-
also a significant pathogen of sheep and cat- erwise asymptomatic patients 1-3 weeks af-
tie. The virus has been isolated from sev- ter acute illness, with brisk onset of impair-
eral genera of mosquitoes. Culex and Aedes ment of visual acuity resulting from retinal
have been implicated during epizootics. Re- hemorrhages, exudates, macular and para-
cent findings from Kenya that Aedes mos- macular edema, vasculitis, retinitis, and
quitoes emerging from flooded depressions vascular occlusion. Lesions were bilateral
called "damboes" are already infected with in 50% of patients, and 40-50% suffer some
virus provide strong evidence for trans- permanent loss of visual acuity (69).
ovarial transmission (3,69). RVF can also
be transmitted by aerosol. Prevention and Treatment

Clinical Features No specific treatment exists, and uncom-plicated disease is best managed by symp-
tomatic treatment and observation. Hem-

Human infection is usually (95%) a se- omatic treatind obeanged

vere but self-limiting disease. In less than orrhagic complications should be managed
5% of cases, disabling or life-threatening by standard techniques, but anticoagulation5%ofplcaseos dialn or Folieaening therapy of disseminated intravascular co-
complications can occur. Following an in- agulation may be ill-advised due to virus-
cubation period of 2-6 days, back and mus- g y
cle pain, anorexia, and incapacitating pros-

tration occur. Physical findings are limited
to conjunctival and pharyngeal injection. Experimental Therapeutics:
Epistaxis may occur, and a "saddle-back" Preclinical Studies
fever is not uncommon. Initial leukocytosis
is followed by leukopenia, composed Experimental infections of RVF in mice
mainly of lymphocytes. The illness usually or hamsters result in death due to hepatitis
lasts 2-5 days, and recovery is without on days 4-6 in virtually all animals (71,72).
complications (2,65,69,70). Ribavirin is very effective prophylactically

A hemorrhagic form may develop in 1% and shows a bell-shaped dose response
of patients by the second to fourth day but curve with 100% survival produced by 100
cannot be predicted on admission. These mg/kg/day (71). Punta Toro serves as a
patients develop petechiae, ecchymosis, lower biohazard model for RVF in routine
hematemesis, melena, and bleeding of the antiviral screening in the USAMRIID pro-
gums. Liver function tests, including pro- gram. Ribavirin treatment of Punta-Toro-
thrombin, bilirubin, transaminase, and al- virus infected hamsters with 100 mg/kg/day
kaline phosphatase, are elevated. Patients on days 0-4 increased survival from 10% to
become jaundiced and die in shock. The 90% and MTD from 5 to over 45 days (72).
prognosis is poor for patients with hemor- Similar results are obtained in a murine
rhagic disease and approaches 50% mortal- model routinely used for testing antiviral
ity. Recovery is slow but without sequelae drugs in vivo (73). Rhesus monkeys chal-
(65,67). lenged with RVF virus intravenously (IV)

Encephalitis can occur 5-10 days after and treated with ribavirin initially 2 hr after
the acute febrile episode, with a presenta- virus inoculation by the intramuscular (IM)
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route (50 mg/kg loading dose followed by 10 tors (76). Disease is related to the interac-
mg/kg tid) had significantly lower viremia tion of ticks and their vertebrate hosts,
(p < 0.001) compared to those of sham- which is complex. Secondary infections are
treated control monkeys. All infected mon- common in a hospital setting. A nosocomial
keys had serum neutralizing antibody titers outbreak in Tygerberg Hospital illustrates
of 1:80 or greater by day 7, even though two the potential where an index case resulted
of four ribavirin-treated monkeys were not in eight infections and two deaths. Typi-
detectably viremic (74). Interferon in this cally, a severely ill patient presents to the
same model is also protective (75). hospital with severe hemorrhagic disease,
Poly(ICLC) is effective in the murine but the diagnosis is not made on admission
model, as are combinations of ribavirin and so proper isolation procedures are not ini-
poly(ICLC). tiated until after infection of medical per-

sonnel has occurred through contact with
blood. The diagnosis is first suggested

Crimean-Congo Hemorrhagic Fever when 3-7 days later medical personnel in-
volved in direct care, laboratory workers,

Etiologic Agent patients in nearby beds, and/or close family
members present with hemorrhagic disease

Caused by a nairovirus genus of the fam- and often a high mortality rate.
ily Bunyaviridae, the properties of Cri-
mean-Congo hemorrhagic fever (CCHF)
are similar to those of Rift Valley Fever. Clinical Features

The disease in the Soviet Union has been
Epidemiology described in detail (24,77-79). The incuba-

tion period is estimated to be 3-12 days
CCHF, transmitted by ticks, occurs over based on recall of tick exposure, and 3-6

a wide area of the world, mainly in steppe, days in nosocomially acquired cases. Onset
savannah, semi-desert, and foothill bio- is abrupt in virtually all cases, with severe
tropes where the tick parasites are present headache, fever over 39°C, myalgia, weak-
on both domestic and wild animals in a ness, anorexia, back and abdominal pain,
large area of East and West Africa. Human and nausea, often accompanied by vomit-
disease has been documented as sporadic ing. There is hyperemia, most notable on
focal infection in the Union of Soviet So- the face, mucous membranes, and upper
cialist Republics, Bulgaria, Pakistan. Du- part of the body. The illness generally fol-
bai, Iraq, the Emirate of Sharjah, Zaire, lows a biphasic course, early nonspecific
Uganda, Mauritania, Burkina Faso, Upper symptoms being followed after the sixth
Volta, Union of South Africa, Ethiopia, Ni- day of illness by hemorrhage from the nose,
geria, Senegal, Greece, Tanzania, Namibia. mouth, and gastrointestinal tract. The ap-
and the People's Republic of China (3). Fhe pearance of large ecchymotic areas on the
distribution of virus is the second widest of limbs is a particularly noticeable feature.
all arboviruses and its distribution, based Large purpuric areas sometimes occur.
on virus isolation or serological studies, is Most cases are apathetic or obtunded with
from southern Europe to China. CCHF vi- halting speech; dizziness and mild menin-
rus has been isolated from many species of geal signs are common. Severe cases will be
ticks, and members of three genera have delirious or comatose. Shock and death
been shown to be capable of transmitting from circulatory collapse often occur. Lab-
infection, but ticks of the genus Hyalomma oratory findings include leukopenia and
have always been regarded as the main vec- thrombocytopenia to 30,X)0/mm3. Hemato-



T

702 CHAPTER 18

crit is normal or elevated on presentation virus. Although two of three needle con-
but falls with hemorrhage to less than half tacts not treated with ribavirin developed a
of normal values in severe cases. The case severe clinical course, one needle contact
fatality rate has reached as high as 30-50% and 42 proven blood contacts who did not
in nosocomial outbreaks (69,80-82) but typ- receive ribavirin also did not show any
ically is 9-40%. Differences in clinical signs of clinical disease. Thus, no firm
course are described, with the Middle East- conclusions could be drawn about the pro-
ern form yielding extensive nosocomial phylactic use of the drug. No obvious
secondary and even tertiary spread, and treatment failures were observed, but an
there is a high prevalence of severe liver in- opportunity to evaluate efficacy of the drug
volvement with clotting abnormalities, does not appear to have been present, be-

cause of the low attack rate among patients
with blood contact. Due to the toxicity of

Prevention and Teatment interferon (1.7 x 107 U), which was also

There is no proven specific therapy. Con- tested, ribavirin remains the best available

valescent immune plasma may be useful, prospect for therapy.

but controlled studies have not been re-
ported. Hospitalization, including careful Arenaviruses
attention to proper isolation procedures to
avoid potentially devastating nosocomial Arenaviruses include four human patho-
spread, can be effectively implemented gens of which three produce hemorrhagic
without the requirement for specialized disease (4). The virulent new-world arena-
treatment facilities. Laboratory and nursing viruses predominantly cause disease in men
staff must exercise care to avoid generation and are acquired in rural areas in the fall,
of aerosols. Recommendations for handling when agricultural products are harvested.
of cases have been published (83). Transmission is thought to occur by contact

with chronically infected rodent hosts (84).
In West Africa, the arenavirus Lassa fever

Experimental Therapeutics has also been found to be sensitive to riba-

Preclinical Studies. Development of ani- virin (85,86). Over the last several years.

mal models has proven difficult. Available primate models have been developed to
reamodels tilizeasup eng dicu. ainc e o study the pathogenesis and treatment of
models utilize suckling mice infected on each of these viruses. Studies in experi-
days 1-5, with the notable exception of one mental animal models of guinea pigs and

Russian report of a lethal adult mouse

model, in which successful ribavirin ther- monkeys infected with either Machupo,

apy is reported. Ribavirin appears to be Junin, or Lassa viruses have shown both

uniformly effective in vitro (84) and in- prophylactic and therapeutic efficacy of ri-

creases both the number of survivors and bavirin.

MTD in suckling mouse models (G. Tignor
and B. Shope, unpublished observations). Lassa Fever

Clinical Studies. During an outbreak of
CCHF at the Tygerberg hospital (80,81), a Etiologic Agent
large 2,000-bed teaching hospital near Cape
Town South Africa, six of nine inoculation Lassa virus is an enveloped, single-
contacts were given ribavirin prophylacti- stranded, bisegmented RNA virus classi-
cally (83). One patient had a mild clinical fied in the family Arenaviridae. Negative-
course, whereas the other five developed staining electron microscopy (EM) shows
neither clinical CCHF nor antibodies to the the presence of pleomorphic particles rang-
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ing from 80 to 150 nm. The envelope is ity of hospitalized patients is 15-20%. In
formed by budding from the plasma mem- West Africa, 50,000-150,000 infections oc-
brane of infected cells. The virus contains cur each year and account for 5-15% of fe-
three major structural proteins: two glyco- brile illness.
proteins and a nucleocapsid.

Clinical Features

Epidemiology The clinical spectrum of Lassa fever is

Lassa fever is a severe disease of West quite variable, and the ratio of infection to
Africa, caused by Lassa virus, one of two illness is 9-26%. After an incubation period
pathogenic old-world arenaviruses. The of 1-3 weeks, Lassa fever presents as an in-
natural host is the multimammate rat Mas- sidious onset of progressive fever, malaise,
tomys natalensis, which is ubiquitous and myalgia, and a sore throat. At time

across sub-Saharan Africa and occupies of hospitalization, patients are toxic and

ecological niches in both forest and savan- mildly hypotensive. Pain is seen in the

nah regions. Evidence suggests only one joints and lower back, along with headache,

species is involved in infections (84). They and a nonproductive cough. Retrosternal or
are infected and shed high levels of virus epigastric pain, vomiting, diarrhea, and
throughout their life. The epidemiology of abdominal discomfort are also common.

all arenaviruses is defined by the factors Frank bleeding tendencies may develop
that determine maintenance and spread of during the course of the illness, particularly
the agents among rodents, which in turn in severely ill patients. Illness may last 3-4
spread virus into the environment. This Af- weeks. Poor prognostic signs include sus-
rican rodent, which lives in close associa- tained fever, bleeding diathesis, severe hy-
tion with humans, is found in and around potension or shock, coma, and convulsions
most dwellings, the most important loca- (89,92-100). Various degrees of permanent
tions for transmission of the virus to hu- sensorineural deafness result in 25% of pa-

mans. Under natural conditions, infection tients. Adverse prognostic factors are AST
occurs via contact with M. natalensis or its elevations above 150 IU/liter and high lev-

excreta within the household (83). Natu- els of viremia during hospitalization. The
rally occurring infections, often associated latter are not measurable in time to be clin-
with subsequent nosocomial outbreaks, ically useful (83).

have been recognized in Nigeria. Sierra
Leone, and Liberia (I) and less frequently Prevention and Treatment
in Guinea, Senegal, Mali, and the Central
African Republic (1,88). Several cases have Treatment is supportive and may require
been imported into the United States and intensive care facilities. Attention must be
Europe (89,90), but secondary transmis- paid to fluid and electrolyte balance, main-
sions have not been documented. Person- tenance of blood pressure and circulatory
to-person spread required close personal volume, and control of seizures (83).
contact or contact with blood or excreta.
Proper barrier infection control procedures
appear adequate to control nosocomial Experimental Therapeutics
spread. Of infections, 70-90% result in mild
or asymptomatic infections. Overall mor- Preclinical Studies. Infection of rhesus
tality of recognized infections is 1-2%, a monkeys with 10' PFU of Lassa virus re-
major revision of initial impressions based suited in six of 10 deaths between 10 and 14
on nosocomial outbreaks (91). The mortal- days after inoculation. The six lethally in-
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fected animals had viremia titers that sig- hospitalized with acute Lassa fever in
nificantly exceeded 10" PFU/ml, whereas Sierra Leone is 16%, based on data from
none of the surviving monkeys developed over 400 Lassa fever cases seen in two hos-
viremia in excess of this apparently critical pitals during the 3-year period preceding
titer. These results are quite similar to the the drug study. Patients with Lassa fever
human disease in which admission viremia may be subdivided by two indicators of
is a predictor of survival (101). In four mon- mortality risk: admission levels of AST
keys treated with ribavirin (50 mg/kg load- (SGOT) and viremia. An admission serum
ing dose, followed by 10 mg/kg three times and AST over 150 carries a risk of mortality
daily), from day 0 through day 18, the onset of 50%, whereas an admission viremia over
of detectable viremia was delayed until day 10"6 TC'D 1/ml carries a mortality rate of
7, and peak viremia titers were significantly 76%. This high-risk group allowed for dem-
lower (102 PFU/ml) than those of surviving onstration of drug efficacy, based solely on
control monkeys. Clinical illness was mild survival. Patients treated with IV ribavirin
and brief in monkeys that received ribavirin who had an admission viremia over 10"6

beginning on day 0. Some monkeys exhib- TCID5,/ml had a mortality of 32% com-
ited no clinical signs at all, whereas others pared with 76% in patients who were un-
became only slightly depressed and devel- treated. The time of initiation of treatment.
oped a minimal facial rash during the sec- in relationship to the clinical course of the
ond week. All treated monkeys survived, disease, was also determined retrospec-
even when ribavirin therapy was delayed tively. Patients who began treatment early,
until day 5. Four monkeys receiving riba- before day 7 of clinical signs, had a signifi-
virin first on day 5 experienced a moder- cantly improved chance of survival, com-
ately severe disease course. However, all pared to late initiation of treatment. This
monkeys treated therapeutically with riba- observation of the need for early initiation
virin by day 5 eventually recovered with no of treatment is shared with all antiviral
evident sequelae, and viremia titers never drugs currently in use (101).
reached the critical level. Thus, therapeutic
administration of ribavirin can reverse the
hemorrhagic component of the disease (85). Argentine Hemorrhagic Fever and Bolivian
In cynomolgus monkeys, 13/14 untreated Hemorrhagic Fever
monkeys died, whereas ribavirin treatment
begun at 0, 4, and 7 days resulted in 0/4, 0/ Etiologic Agent
4, and 4/8 deaths (102). Combination ther-
apy with immune plasma possessing a log Bolivian hemorrhagic fever is caused by
neutralizing index of greater than 2 was also Machupo virus. Argentine hemorrhagic fe-
evaluated with very promising results (102). ver (AHF) is caused by Junin virus. Both
These studies led to a clinical trial of riba- are members of Arenaviridae, with proper-
virin treatment of Lassa fever in Africa. ties similar to Lassa virus.

Clinial Trials. Ribavirin chemotherapeu-
tic trials in Lassa fever patients were initi-
ated in 1979 in Sierra Leone. An open, non- Epidemiology
placebo controlled trial of oral ribavirin
was begun first, followed by a trial of Bolivian hemorrhagic fever is localized
higher dose intravenous ribavirin (2 g load- to the sparsely populated tropical savannah
ing dose then I g every 6 hr for 4 days, then in the northeast of Bolivia. As with all
0.5 g every 8 hr for 6 days) in an attempt to arenaviruses, the epidemiology is influ-
improve survival over that observed with enced by the rodent host Calomvs callou-
oral ribavirin. The mortality of patients sus, which causes focal house-related out-
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breaks. Rodent control programs have re- petechiae, a rising hematocrit, and increas-
suited in no outbreaks since 1974 although ing proteinuria. If not treated promptly and,
isolated cases are still seen (J. Miaztegui, in some instances, irrespective of interven-
unpublished observations). AHF occurs in tion, hypotension and disturbances in con-
the farmland of the humid pampa, predom- sciousness ensue. When clinical shock ap-
inantly in Buenos Aires and Cordoba Prov- pears, the prognosis is grave. Pulmonary
inces. AHF is an occupational disease pre- edema is a common complication, and
dominantly affecting men harvesting grain bleeding from the gastrointestinal tract and
crops, principally maize. The primary ro- mucous membranes is always evident.
dent vector is Calomys muscullinus. Its In both Argentina and Bolivia, case fatal-
density fluctuates widely over a 3-5-year ity rates are approximately 15%, with neu-
period and correlates with human disease rologic disease more common in the former
rates. country and hemorrhagic disease predomi-

nant in the latter. Patients surviving this
disease require several weeks for conva-

Clinical Features lescence, and paroxysmal and orthostatic
hypotension, asthenia, and mild anorexia

Insidious onset of fever, headache, as- are common (84,103).
thenia, and myalgia after an incubation pe-
riod averaging 7-14 days characterizes this
syndrome. Mild or subclinical infection is
unusual in contrast to Lassa and lympho- Administration of specific antibody (2 U
cytic choriomeningitis (LCM) virus infec- of immune plasma) has been proven effec-
tion. Back pain, epigastric discomfort, ret- tive (mortality reduced from 16% to 1%) if
roorbital pain, photophobia, constipation, given within 8 days in a double-blind trial of
and occasionally mild diarrhea appear dur- n withn 8odascn a b lnrl
ing the following 2-5 days. During this in-
terval, patients are progressively toxic and
lethargic with flushed face and trunk, con- Experimental Therapeutics
junctival inflammation, and by the fourth to
the sixth day of illness, fine petechiae in the Preclinical Studies with Machupo.
axillary region. There may be lymphade- Junin, the causative agent of Argentine
nopathy and a palatine or faucial exanthem hemorrhagic fever, is sensitive to ribavirin
comprised of petechiae or fine vesicles. in vitro (71,105), as is closely related to Ma-
Pharyngitis is uncommon. Dysesthesia of chupo, which causes Bolivian hemorrhagic
the skin may be severe. Panleukopenia fever (72,86). The therapeutic potential of
(to 1,000/mm - ) and thrombocytopenia (to ribavirin was first evaluated in the treat-
25,000/mm 3 ) are always present. Protein ment of Machupo-infected guinea pigs.
may appear in the urine along with cylin- Only i/15 untreated animals survived,
drical casts and erythrocytes. whereas 12/15 ribavirin-treated animals sur-

At the end of approximately I week of fe- vived. Treatment was significant at the p <
ver and just prior to its resolution by lysis, 0.001 level (72). Ribavirin was next evalu-
patients begin to improve clinically (ap- ated using a rhesus monkey model (106-
proximately 60%) or enter into a clinical 108). Sham-treated virus control monkeys
crisis consisting of either a bleeding-shock reached peak viremia by days 12-14 and be-
phase lasting no more than 3 days or a neu- gan to die. Treatment of individual mon-
rological syndrome that may last up to I keys was initiated at the time of onset of
week. Mixed forms are commonly noted in fever with 25 mg/kg and continued every 8
AHF. The bleeding disease is heralded by hr for 10 days. Quite remarkably, viremia
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responses of treated monkeys were lower is currently underway at the Instituto Na-
by day 7 compared to sham-treated control cional de Estudios sobre Virosis Hemorrag-
monkeys and virtually undetectable by day icas, Pergamino, Argentina. A specific
10. Regardless of the time of initial treat- treatment is available for AHF, which con-
ment or regimen of therapy, ribavirin pre- sists of the administration of immune
vented death during the acute phase of ill- plasma with defined neutralizing antibody
ness. The late neurological syndrome, seen titers. However, this treatment is only ef-
in 20% of infected, untreated control mon- fective when given within the first 8 days
keys, however, was not prevented in 4/5 after onset of symptoms. Immune plasma
treated animals. It is presumed that the late therapy is not effective after 8 days of ill-
neurological phase of the disease results ness (104,111,112). An open study was
from the inability of ribavirin to reach the therefore undertaken in this group of late
CNS in sufficient concentration (72). patients to determine tolerance and anti-

Preclinical Studies with Junin. Prophy- viral activity. Six patients were treated dur-
lactic as well as therapeutic studies of ri- ing the epidemic season. Ribavirin treat-
bavirin in Junin virus infection of rhesus ment resulted in significant reduction in
macaques also have been performed (109). viremia and a drop in endogenous inter-
Sham-treated control animals infected with feron (high interferon levels are indicators
104. plaque-forming units (PFU) of the of poor prognosis) and an increase in aver-
highly lethal Espindola strain of Junin virus age time to death (113). This prompted a
showed 100% mortality with a classical placebo controlled study that has enrolled
hemorrhagic diathesis during the third and 18 patients to date.
fourth weeks. Monkeys administered riba-
virin on a prophylactic schedule (60 mg/kg/ Filoviidae
day for 4 days, 30 mg/kg/day for 3.5 days,
then 15 mg/kg/day for I I days) serocon- The Filoviridae family of viruses was
verted, but failed to develop viremia or clin- first identified in 1967 when an outbreak as-
ical signs of illness. In animals receiving ri- sociated with laboratory workers harvest-
bavirin therapeutically beginning on day 6 ing tissues from wild caught African green
postinfection (60 mg/kg/day for 1. dayaws, monkeys developed Marburg disease. Thethen 15 m g/kg/day for 14 days), virem ia w as t o m m e s o h sf ml ,E o a a d M rdetcte unil he imeof rugadmnisra-two members of this family, Ebola and Mar-
detected until the time of drug administra burg, cause the most severe of the viral
tion, then disappeared for the duration of hemorrhagic fevers (VHF), but outbreaks
observation. These animals had early signs have been rare and research must be con-
of bleeding abnormalities (redness around ducted in BL 4 containment laboratories.
eyes, circular ocular redness, dried blood in
nose) and decreased platelet counts prior to
onset of therapy. Treatment resulted in re- Ebola/Marburg
versal of clinical disease including resolu-
tion of hemorrhage, petechiae, and resto- Etiologic Agent
ration of platelet counts. As occurred in
Machupo-treated animals, however, a late- The morphology of Ebola and Marburg is
onset neurological syndrome appeared in unique. Particles range from 130 to 14,000
all animals, and was fatal in two of three. nm in length but are more uniform in di-
Similar studies in Callithrix jacchus (cot- ameter (80 nm). The nucleocapsid is sur-
ton-eared marmoset) revealed similar re- rounded with a lipid envelope and contains
suits ( 10). a single-stranded RNA. Five polypeptides

Clinical Trials. A clinical trial of ribavirin are associated with the virion (54).
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Epidemiology cells. Ribavirin prophylaxis (20 mg/kg/day)
of Ebola utilizing the guinea pig model with

Marburg and Ebola represent two re- either the Zaire or Sudan strain resulted in
cently recognized viral hemorrhagic fevers no change in survivors but a significant pro-
of Africa. Marburg was first recognized in longation of MTD with the Sudan strain. A
1967 when seven deaths, which occurred study utilizing 100 PFU of Zaire strain of
among 31 cases in Germany and Yugo- Ebola in cynomolgus monkeys was con-
slavia, were traced to direct contact with ducted. Animals were treated with ribavirin
blood, organs, or tissue culture cells from a at 50 mg/kg loading dose, 4 hr prior to in-
group of African green monkeys caught in fection, followed by 20 mg/kg tid until time
Uganda. In 1976, outbreaks of Ebola oc- of death. No significant effect of the drug
curred in Sudan and Zaire with over 500 was seen (H. Lupton and J. Moe, unpub-
cases and 400 deaths, respectively. The dis- lished observations).
ease occurs in all age groups, but with a
predominance in adults. Transmission from
person to person requires close contact,
particularly with blood or body fluids. The
method of maintenance in nature is not Two flaviviruses cause viral hemorrhagic
known. fevers (VHFs) and are widely distributed in

nature. Yellow fever (YF) often presents as
Clinical Features a VHF, whereas Dengue fever is primarily

a febrile illness with outbreaks or isolated
The clinical picture of Marburg and cases of VHF.

Ebola is indistinguishable. Following an in-
cubation period of 4-16 days (average of 7
days), clinical illness begins suddenly with
fever, malaise, headache, and myalgia fol-
lowed by nausea, vomiting, and watery Etiologic Agent
diarrhea. A maculopapular rash appears
between days 5 and 7 and is most marked As all flaviviruses, YF virus is a positive,
on the buttocks, trunk, and outer aspects of single-stranded RNA virus with a spheri-
the upper arms, and conjunctivitis is com- cal, host-cell-derived lipid envelope. The
mon. Liver function is impaired by the sec- structural proteins consist of a major gly-
ond week of illness, but jaundice is not ob-servd. enaldamge hs ben osered.cosylated envelope protein (E) exposed on

is the virion surface that contains most immu-
Disseminated intravascular coagulopathy is nologic determinates. A small nonglycosy-
a major feature of the disease, and bleeding lated envelope protein (M) is not exposed on
occurs in the majority of cases, mainly from the surface, and a nonglycosylated nucleo-
the gastrointestinal tract. Case fatality rates capsid protein (C) is found in association with
from 29% to 89% in outbreaks have been the viral RNA. The morphology of all flavi-
reported (114-116). viruses is quite similar, being spherical with a

mean diameter of 43 nm (37-50 nm), a unit
Experimental Therapeutics: membrane envelope with surface projec-

Preclinical Studies tions, and a 30-nm diameter core. The en-
tire genomic RNA has been sequenced

Ebola is not significantly inhibited in vi- for the 17D and Asibi (vaccine parent)
tro by ribavirin in Vero, MRC-5, or FRhL strain.
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Epidemiology city in the Americas occurred in Rio de Ja-
neiro in 1928 and 1929. The outbreak in

YF occurs throughout much of tropical Ethiopia in 1960-62 involved over 100,000
South America and sub-Saharan Africa. cases and 30,000 deaths. An outbreak in Ni-
The epidemiology of YF is explained by dif- geria in 1987, although not fully described,
ferent transmission cycles of the virus involved over 30,000 cases.
among humans, mosquitoes, and monkeys.
The vector mosquito, which belongs to one
of several species, becomes infected by Clinical Features
feeding on a viremic host (human or mon-
key) and then transmits the virus to another YF is an acute infectious disease. The in-
susceptible host. YF occurs in two major cubation period is usually 3-6 days follow-
forms, urban and jungle (or sylvatic) with ing the bite of an infected mosquito. The
very different results. Sylvatic (jungle) YF clinical spectrum varies from very mild,
circulates in a cycle involving nonhuman nonspecific febrile illness to a fulminating,
primates and forest or canopy mosquitoes. often fatal disease with pathognomonic fea-
In Africa, the infection is not usually fatal tures. The mild form is characterized by
to nonhuman primates, whereas in South sudden onset of fever and headache without
America it is frequently fatal, a useful clue other symptoms, lasting 48 hr or less. The
in identifying areas of viral transmission. In clinical diagnosis is almost impossible in
this area, YF is endemic with a year-round most settings and must rely on serological
transmission cycle between monkeys and diagnosis. In other patients, fever is higher,
mosquitoes. Humans are infected when ex- the headache severe, and there is myalgia,
posed to the enzootic cycle, and sporadic slight albuminuria, and bradycardia in rela-
cases occur on a continuous basis. In the tion to the height of fever (Faget's sign).
savanna surrounding the forest zone, YF is The illness lasts several days with unevent-
endemic. Human infections may occur at ful recovery (1). The so-called classical YF
varying frequencies as vector populations is characterized by a biphasic disease
expand during the rainy season. In this course. The febrile phase is characterized
emergence zone, epidemics may occur, in- by abrupt onset of fever (39-40'C), chills,
volving both monkey-to-human and inter- severe headache, lumbosacral pain, and
human transmission by sylvatic vectors, general myalgia. The patient appears dis-
These epidemics are often characterized by tressed and anxious, the conjunctiva is con-
focal outbreaks separated by areas without gested, and the face and neck are flushed.
human cases. Urban YF, the oldest de- The tongue is reddened at the tip and edges,
scribed viral hemorrhagic fever, is capable and the breath is foul-smelling. Anorexia,
of explosive epidemics and still constitutes nausea, vomiting, and minor gingival hem-
an important cause of viral hemorrhagic fe- orrhage or epistaxis may occur. Despite a
vers. Urban YF is transmitted in a human- persistent or rising temperature, the pulse
mosquito-human cycle involving domestic may fall (Faget's sign). Proteinuria is minor
Aedes aegypti. The potential geographic initially but can become marked on day 3-
distribution of urban YF is the range 4. This syndrome, lasting 3-4 days, corre-
of Aedes aegypti, which includes Africa, sponds to the period of viremia. This is fol-
South America, Central America, the Car- lowed by a remission with defervescence
ibbean, and the Gulf coast of the United and improvement in the general condition
States. Disease incidence is modified by of the patient, which lasts only a few to 24
the presence of existing antibody, either hr. This is followed by a period of intoxi-
through natural infection or by vaccination, cation, the hepatorenal phase, character-
The last major urban outbreak in a major ized by rising temperature, reappearance of

L. .. ._ 
_...._...
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symptoms with more frequent vomiting, of recipients within 7-10 days. Vector
epigastric pain, prostration, and the appear- control in urban areas directed against
ance of jaundice. Prolongation of the clot- Aeges aegypti should include elimination of
ting, prothrombin, and partial prothrombin breeding places, which is difficult in many
times is marked in patients with jaundice. locations due to local practices, and the use
Total and conjugated serum bilirubin levels of insecticides and larvacides. Such mea-
can be very high. Serum AST and ALT lev- sures are only effective in coordination with
els are markedly elevated in all icteric pa- vector surveillance programs. Despite the
tients, and hypoglycemia has been noted effectiveness of mosquito eradication pro-
with severe liver damage. Bleeding dia- grams and the availability of a safe and ef-
thesis is manifested by coffee-grounds he- fective vaccine, sporadic epidemics of YF
matemesis, melena, metroohagia, pete- still occur in South America and Africa.
chiae, ecchymosis, and diffuse oozing from
the mucus membrane. Dehydration results
from vomiting and insensible losses. Renal Experimental Therapeutics:
dysfunction is marked by a sudden increase Preclinical Studies
in albuminuria and decreased urinary out-
put. Death usually occurs on day 7-10 and YF is sensitive to ribavirin in vitro, but,
is preceded by deepening jaundice, hemor- comparing YF sensitivity to other viruses
rhages, rising pulse, hypotension, oliguria, that can be successfully treated with riba-
and azotemia. Hypothermia, agitated delir- virin in primates or humans, three strains of
ium, intractable hiccups, stupor, and coma YF are 10- to 20-fold less sensitive in two
are terminal events. Death is largely attrib- lines of Vero cells than Lassa, HFRS, RVF,
utable either to an early fulminating hem- and sandfly fever (SF) (J. W. Huggins, un-
orrhagic fever syndrome with hepatitis and published observations). Because of differ-
clinical jaundice or to a later renal tubular ences in drug uptake and metabolism be-
lesion with renal insufficiency reminiscent tween cell lines, sensitivity comparisons
of that seen in HFRS. Convalescence is must utilize the same cell for valid compar-
often prolonged, but complete recovery of isons. This may explain why a series of pri-
the liver function usually occurs. An atypi- mate experiments has yielded equivocal
cal, fulminant form occurs with death on results. No acceptable rodent model is
the second or third day without hepatic or available. YF in rhesus monkeys produces
renal signs (reviewed in detail in refs. I and a fulminate disease with a condensed
117-119). disease course. This prompted a study

with the well-characterized lethal model of
Dakar 1279 strain of YF in rhesus monkeys

Prevention and Treatment (120) to evaluate ribavirin, utilizing the op-
timum primate dosing schedule (85). Two

YF 17D is a safe and efficacious live at- groups of eight rhesus monkeys were in-
tenuated viral vaccine prepared from in- fected with I x 101 PFU of Dakar 1279
fected chicken embryos under standards strain of YF and treated simultaneously
developed by the World Health Organiza- with ribavirin (30 mg/kg loading 10 mg/kg
tion. Travel to endemic areas requires vac- t.i.d. for 7 days). No effect on either sur-
cination, which is valid for 10 years al- vival, MTD, or viremia titers was seen be-
though immunity is probably life-long. tween the two groups. It is postulated that
Serious adverse reactions are extremely un- the relative insensitivity of YF to ribavirin
common. Fewer than 10% of vaccinees ex- may result from tissue levels of drug below
perience headache and malaise. An im- those required to inhibit viral replication.
mune response can be demonstrated in 95% Ribavirin hematopoietic toxicity in mon-
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keys precluded testing significantly higher long, but cross-protection between dengue
doses (J.W. Huggins, P.B. Jahrling, C.J. types lasts less than 12 weeks. In Southeast
Peters, and T.M. Cosgriff, unpublished ob- Asia, children are infected by all four sero-
servations). types in childhood. The background of im-

munity of human populations determines
the incidence and age distribution of infec-Dengue Fever tostions.

Etiologic Agent

Four serologically distinct types of Den- Clinical Features

gue fever can be recognized (DEN 1-4). Dengue virus can produce two types of
See section YF for a description of physical disease: classical dengue and dengue hem-
properties. Differences exist in the molec- orrhagic fever (DHF). The clinical features
ular weight of the structural proteins. DEN of classical or uncomplicated dengue fever
I and 3 form a subcomplex defined by frequently depend on the age and gender ofmonoclonial antibodies. frqenl deedo th .g n edro

the patient, and whether it is an initial or
secondary (other serotype) dengue infec-

Epidemiology tion. Infants and young children may have
an undifferentiated febrile disease with

Dengue fever, which had been advancing maculopapular rash, an acute respiratory
for several years toward the United States illness, or a gastrointestinal illness. Older
from Mexico and the Caribbean, crossed children and adults infected with dengue for
the border into Texas in 1980, making the first time will display more classical
dengue outbreaks possible in areas of the signs. In a typical case, after an incubation
United States where suitable vectors exist. of 2-7 days, the disease begins abruptly
Since 1977, hundreds of cases have been with high fever, frontal headache or retroor-
imported into the United States by travel- bital pain, retrobulbar pain, and lumbosac-
ers from the Caribbean (117). Dengue exists ral aching pain. Fever may be sustained for

as four distinct serotypes (DEN 1-4) trans- 6-7 days or be biphasic (saddle-back). Ini-
mitted by Aeges mosquitoes, principally in tial symptoms are followed by generalized
tropical areas of Asia, Oceania, Africa, myalgia or bone pain that increases in se-
Australia, and the Americas. Dengue is a verity, anorexia, nausea, vomiting, weak-
prevalent health problem in Southeast Asia, ness, and prostration. The pulse rate may
the Caribbean, Central America, northern be slow in relation to the fever. A rash may
South America, and Africa (1). Hundreds appear or reappear after defervescence
of thousands of cases occur each year in ep- (day 3-5) and be maculopapular or morbil-
idemic or endemic form around the world. liform in nature. Generalized lymphade-
Outbreaks have involved over I million in- nopathy may occur. The peripheral WBC
dividuals, with attack rates during epidem- count is depressed, and the platelet count
ics in focal areas of high transmission may fall to less than 100,000/mm 3. Hemor-
reaching 50-90% (I). During the 1978 DEN rhagic phenomena are noted in a few cases
I epidemic in Puerto Rico. 13% of the is- and include petechiae. epistaxis, intestinal
land population was infected (121). Dengue bleeding, menorrhagia, and a positive tour-
exists in a human-mosquito-human cycle, niquet test (reviewed in refs. I and 117).
with Aeges aegypti being the most impor- Myocarditis and various neurologic disor-
tant vector. All four types can coexist in the ders have been associated with dengue fe-
same area. Protection against homotypic ver. Central neurologic disorders appear
reinfection is complete and probably life- to be more common in DHF than in clas-
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sic dengue. Convalescence may be pro- 2-7 days. Hemorrhagic manifestations in-
longed, with generalized weakness, depres- dude, as a minimum, a positive tourniquet
sion, bradycardia, and ventricular extrasys- test and any of the following: petechiae,
toles (I). purpura, ecchymosis, epistaxis, gum bleed-

A more severe form of dengue recog- ing, hematemesis, and/or melena. The liver
nized during outbreaks is DHF. It is gener- is usually palpable early in the febrile
ally agreed that DHF is an immunologically phase. Patients usually recover sponta-
mediated disease, as first proposed by Hal- neously or after fluid and electrolyte ther-
stead (122). It is proposed that nonneutral- apy. If signs of shock are present, the dis-
izing antibodies, naturally acquired by ease is classified as DSS. Severe cases,
previous dengue infection or passively ac- after 2-5 days, rapidly progress with pros-
quired as maternal antibody, enhance in tration and signs of shock (restlessness,
vivo replication in mononuclear phagocytes irritability, cold clammy extremities, pe-
and lymphatic tissues. Increased replica- ripheral cyanosis, and narrowed pulse pres-
tion of the virus in these cells may be as- sure). Patients in shock are in danger
sociated with a secondary reaction in the of dying if appropriate therapy is not given
host's attempt to eliminate dengue-infected promptly. The duration of shock is short,
cells, resulting in immune-mediated disease and patients may die within 12-24 hr or re-
and shock. This concept is supported by cover rapidly following appropriate anti-
the observation that DHF rarely occurs in shock therapy (1.1 17123).
primary dengue infection. Typical cases are
characterized by four major clinical mani-
festations: high fever, hemorrhagic phenom- Prevention and Treatment
ena, hepatomegaly, and often circulatory
failure. Moderate to marked thrombocyto- The major pathophysiological abnormal-
penia with concurrent hemoconcentration ity seen in DHF/DSS is an acute increase in
is a finding that differentiates DHF from vascular permeability that leads to leakage
dengue. Two gradations are recognized, of plasma. Hypovolemic shock, as a con-
dengue hemorrhagic fever without shock sequence of a critical level of plasma loss,
(DHF) and dengue shock syndrome (DSS) leads to tissue anoxia, metabolic acidosis,
that adds shock to DHF. The World Health and death, if uncorrected. In most cases,
Organization (WHO) has established guide- early and effective replacement of lost
lines to differentiate DHF/DSS from den- plasma results in a favorable outcome. The
gue. Typical cases are characterized by four consistent finding that a drop in platelet
majormanifestations:highfever, hemorrhag- count usually signals the onset of plasma
ic phenomena, hepatomegaly, and often leakage is of great diagnostic and prognos-
circulatory failure. Moderate to marked tic value. There is no specific antiviral
thrombocytopenia with concurrent hemo- therapy, but symptomatic and supportive
concentration is a distinct clinical labora- measures are effective (see ref. 124 for
tory finding that differentiates DHF from complete recommendations).
dengue, including dengue with hemorrhagic
manifestations. A grading system has been
established by the WHO and grading has Experimental Therapeutics:
been found clinically useful in DHF epi- Preclinical Studies
demics in children in Southeast Asia and
the Western Pacific region, but its useful- DEN 1-4 are sensitive to ribavirin in vi-
ness in adults is not fully established. The tro. Using a lethal murine intracranial (IC)
disease is initially similar to classical den- model of DEN 2, Halstead et al. (125) were
gue, with a high continuous fever lasting able to demonstrate activity of a lipophilic
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derivative of ribavirin thought to have im- Epidemiology
proved capability to cross the blood-brain
barrier, both on survival and MTD. Riba- LaCross is the most frequently reported
virin was not effective, but it has been es- arboviral encephalitis in North America.
tablished that ribavirin does not cross the All of the viruses are focal and are asso-
blood-brain barrier in significant quantities. ciated with culicine mosquitoes, usually
Useful primate models that mimic the hu- Aedes species.
man disease do not exist at present; how-
ever, viremia in primates can be reproduci- Clinical Features
bly measured utilizing mosquito cells (peak
average viremia of 1O PFU/ml), prompting LaCross infection may be inapparent or
a ribavirin trial for suppression of viremia a mild febrile illness following a I-week in-
(126). Treatment with an optimum ribavirin cubation period. LaCross encephalitis is a
schedule in a blinded, placebo-controlled disease of children. Onset is sudden, with
primate study resulted in no suppression of fever and headache, followed within 12-14
viremia compared to controls. hr by seizures. Convulsions are present in

50% of cases. The acute illness lasts typi-

ENCEPHALITIS cally 7 days with gradual recovery. The
case fatality rate is 0.5%. Seizure disorders
are the main sequelae of LaCross.

Encephalitis is the serious outcome of a aetown Cao e alits, c
numbr o vial llnsse tht uualy cuse Jamestown Canyon encephalitis, in con-

number of viral illnesses that usually cause trast, is usually a disease of adults. Prodro-
inapparent or febrile illness but with a vary- mal fever and respiratory illness are fol-
ing frequency of patients who develop en- lowed by signs of meningitis or encephalitis

cephalitis, ranging from mild, with no se- (2).

quelae, to fatal. All are associated with

insect vectors (Table 2). It is especially dif-
ficult to develop antiviral drugs against the Prevention and Treatment
encephalitic forms because of problems
with drug penetration through the blood- No specific antiviral therapy is available.
brain barrier to the site of viral replication.
Prospects for antiviral chemotherapy are Japanese Encephalitis
uncertain, and no successful trials have
been conducted. Etiologic Agent

Japanese encephalitis (JE), a flavivirus,Flaviridae is a member of the West Nile antigenic
group that includes Saint Louis encephali-

California Serogroup Viruses tis, Murry Valley encephalitis, West Nile,

Ricio, and llheus. Properties of JE are sim-Eiologic Agent ilar to those of other flaviviruses.

LaCross, snowshoe hare, Jamestown
Canyon, and California encephalitis virus Epidemiology
are members of the California serogroup
of the genus Bunyavirus, family Bunva- JE is a public health problem of major
viridae. Properties are similar to Rift Valley concern in Asia, Southeast Asia, and the
Fever. Indian subcontinent. JE is endemic in Ja-
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pan, the eastern Union of Soviet Socialist or prolonged seizures, prolonged fever, and
Republics, Korea, China, Indo-China, In- albuminuria.
donesia, and India. In terms of morbidity
and mortality, JE is by far the most impor- Prevention and Treatment
tant of the arboviral encephalitides. The in-
cidence has decreased in recent years in The current vaccines were produced in
Japan, Korea, and Taiwan through vacci- Japan from the Nakayama-NIH strain, and
nation and vector control, but thousands of Jaan from te aa n tr andbecause of antigenic variation there are
cases are seen annually in Thailand. The questions about its effectiveness against
principal amplification cycle for JE in-qusinabtisefcivesagntvolves pigs in a transmission cycle involv- current wild strains of JE, although a recentile aigsin aedrssmissosquites nd- study demonstrates efficacy in Thailand
ing Culex and Aedes spp. mosquitoes and (127). A live attenuated strain is currentlydomestic animals, birds, bats, and reptiles. undergoing evaluation in the People's Re-
Two patterns of disease occurrence are ob- udergoin evaluationuinithe o se-servd bsedon he ioloy o th inectpublic of China (Y. Yu, unpublished obser-served based on the biology of the insect vations), and the WHO has called for new
vector. In temperate zones, explosive out- vtosadteWOhscle o ebecoreaks aremas ated withs, exsveon - efforts to select relevant strains for devel-breaks are associated w ith seasonal in- op e t f n w va c es N o p ci c th r
creases in vector populations. In sub- opment of new vaccines. No specific ther-
tropical and tropical regions, cases occur apy is available.
throughout the year. JE produces a high in-
apparent-to-apparent infection ratio of 25- Experimental Therapeutics:
500 infections to each case of encephalitis. Preclinical Studies
The mortality among cases with encephali-
tis is 20-50%, with permanent sequelae in Most antiviral drugs that inhibit JE in vi-
many survivors (2). tro do not cross the blood-brain barrier.

Several natural products, however, appear
to be protective in a prophylactic murine

Clinical Features model and will be evaluated further (J.W.
Huggins, M. Ussery, B.J. Gabrielsen, M.

Clinical manifestations of JE vary Hollingshead, and B. Shannon, screening
from asymptomatic infection to a fulminant data from USAMRIID antiviral drug devel-
course leading to death. Following an in- opment program).
cubation of 5-15 days, illness is manifested
by a febrile headache syndrome, aseptic Saint Louis Encephalitis
meningitis, or encephalitis. Severe enceph-
alitis begins with a 2-4-day long phase of Etiologic Agent
headache, fever, chills, anorexia, nausea
and vomiting, dizziness, and drowsiness of Saint Louis encephalitis (SLE) is a mem-
rapid onset. In children, abdominal pain ber of the West Nile antigenic subgroup.
and diarrhea are common. This is followedby ncha riidiy, hotphoiaaltred Properties of SLE are similar to those ofby nuchal rigidity, photophobia, altered ot e l v ir s .other flaviviruses.
states of consciousness, hyperexcitability,
and varying objective neurological signs
(I). Death occurs on the fifth to ninth day Epidemiology
or during a more prolonged course with pul-
monary complications (1). A poor prog- SLE occurs in endemic and epidemic
nosis is associated with respiratory dys- form through the Americas and is the most
function, positive Babinski signs, frequent important arboviral disease in North Amer-
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ica. SLE is closely related antigenically to drome" occurs in 30-50% of cases, lasting
JE in Asia and Murry Valley encephalitis in up to 3 years. In 20% of patients, symptoms
Australia. Since first recognized in 1933, of altered gait and speech disturbances,
there have been numerous outbreaks in the sensor motor impairment, psychoneurotic
western United States (Pacific coast states, complaints, and tremors persist for ex-
primarily California), Texas, the Ohio- tended periods.
Mississippi Valley, Kansas, Colorado, and
Florida. Two vectors have been implicated: Prevention and Treatment
In the western United States. Culex tar-
salis, and in the eastern United States Cu- Treatment is supportive, and no effective
lex pipiens. The largest outbreak occurred antiviral therapy exists.
in 1975, with over 2,000 recognized cases.
SLE occurs in epidemic form at approxi-
mately 10-year intervals, and attack rates
from I to 800 per 100,000 population. The
disease appears in July with peak incidence Etiologic Agent
in August and September (1, 117).

The tick-borne encephalitis (TBE) is a
flavivirus belonging to the TBE virus com-
plex, which consists of six members that
cause human disease: TBE, Omnsk hem-

The clinical picture of SLE ranges from orrhagicmeversKyaanur Foret disease

inapparent infection to fulminant encepha- orrhagic fever, Kyasanur Forest disease,

litis and death. Three clinical syndromes Negishi, Powassan, and Iouping-ill. There

are described: encephalitis, aseptic menin- are two subtypes of TBE: Russian spring-

gitis, and febrile headache. The severity of summer encephalitis and Central European

illness increases with increasing age, and encephalitis, which differ in their tick vec-
persons over 60 are at increased risk (1). tor and clinical expression. TBE shares the
The incubation period is 4-32 days. The properties of other flaviviruses except for
syndrome of febrile headache presents as its resistance to acidic pH, a feature that
an acute febrile illness with headache, fre- makes the virus resistant to gastric acid and
auntly actemfebried llnes w eadh f- allows infection from ingesting contami-
quently accompanied by nausea and vome-naemik

iting. Onset is characterized by general

malaise, chilliness, anorexia, nausea, myal-
gia, and sore throat or cough. No signs of Epidemiology
meningeal irritation or localized neurologic
abnormalities are found. The aseptic men- TBE occurs in western and eastern Eu-
ingitis presentation is one of an acute fe- rope (Austria, Denmark, Finland, East and
brile illness associated with acute or sub- West Germany, Hungary, Poland, Sweden,
acute meningeal signs (a stiff neck). The Yugoslavia, Czechoslovakia), the Soviet
syndrome of encephalitis includes presen- Union, and China in a pattern correspond-
tations of meningoencephalitis and enceph- ing to the ixodid tick vector. The virus is
alomyelitis. It is characterized by altered maintained in nature by a cycle involving
levels of consciousness, abnormal reflexes, ticks and several wild rodent vectors.
tremor, and signs of thalamic, brain stem, Ixodes ricinus is responsible for transmis-
and cerebellar dysfunction (1,1 17). A pro- sion of the Central European encephalitis in
longed period of convalescence from a dis- Europe, whereas Ixodes persulcatus is re-
order called "convalescent fatigue syn- sponsible for Russian spring-summer en-
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cephalitis. Other tick species are also im- Prevention and Treatment
plicated in areas that do not support Ixodes
ticks. Infection of goats, cattle, and sheep A formalin-inactivated vaccine is used in
results of shedding of virus into the milk, the Soviet Union, and a joint Austrian-
and inactivation by pasteurization requires British developed vaccine is available in
the relatively high temperature of 65°C for Europe, but is only covered by an investi-
30 min. The epidemiology of TBE is greatly gational new drug (IND) in the United
influenced by whether the disease is tick- States. Vaccination is recommended for
borne or milk-borne. Cases that are tick- high-risk occupations, as is avoidance of
borne tend to be sporadic and are in- ticks by the use of tick repellants. Unpas-
fluenced by occupations that increase teurized milk should be avoided. Treatment
exposure to ticks. The incidence is highest is supportive, and no specific antiviral ther-
spring through early fall, corresponding to apy exists.
periods of tick activity. Milk-borne out-
breaks tend to involve whole families and
are determined by milk consumption pat-
terns (1, 117). Eastern Equine Encephalitis

Western Equine Encephalitis
Venezuelan Equine Encephalitis

Clinical Features Etiologic Agent

The incubation period for TBE is 7-14 Alphaviruses have a similar uniform and
days, but the clinical course differs be- spherical appearance 0 n-65 nm). with a
tween the two strains. The Far East form sohat app erfce that is io-
(Russian spring-summer encephalitis) is sahedrat with surface pke c s o

sahedral, with surface spikes composed of
more severe, with a case fatality rate of glycoproteins. The viral particle contains a
20%. Onset is more often gradual than gyortis h ia atcecnan
20%.unse isa oreoften gradualhan lucleocapsid that ranges from 28 to 49 nm
acute, with a prodromal phase including with a single-strandcd infectious RNA of
fever, headache, anorexia, vomiting, 4.1 X 106 daltons (2).
and photophobia. This is followed by a
stiff neck, sensorial changes, visual distur-
bances, and variable neurological dysfunc- Epidemiology
tion. In fatal cases, death occurs within 7
days. Disease is more severe in children Eastern equine encephalitis (EEE) is
than adults. Neurologic sequelae occur in maintained in a natural transmission cycle
30-60% of survivors, especially residual between Culiseta melanura mosquitoes and
flaccid paralyses of the shoulder girdle and birds in swampy and forested areas of New
arms. The central European form is milder, Jersey and Massachusetts. For transmis-
with a case fatality rate of 1-5%. The typi- sion to humans, it is necessary for the virus
cal disease is biphasic. The first phase is to become established in Aedes spp. mos-
nonspecific and grippe-like, lasting approx- quitoes before human and equine cases oc-
imately I week followed by a 1-3-day re- cur. Western equine encephalitis (WEE) is
mission. The second phase begins abruptly maintained in nature by Culex tarsalis and
and may take the form of benign meningitis Culiseta melanura and wild passerine birds
or, in more severe cases, encephalitis. Ap- in the western United States. Venezuelan
proximately 20% of survivors have seque- equine encephalitis (VEE) is maintained in
lae, which tend to be minor (1,1 17). nature by a cycle involving Culex ssp. and
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Aedes aegypti in a mosquito-rodent- ache, nausea, and vomiting. Lumbosacral
mosquito cycle. Seasonal periods of peak pain is a frequent complaint, and occasion-
transmission of VEE coincide with peak ally patients will also complain of sore
rainfall (2). throat and diarrhea. Some patients with

mild CNS involvement will show lethargy,
somnolence, or even mild confusion but do

Clinical Features not develop seizures or other localizing
signs. VEE infection rarely progresses to

EEE is clinically the most severe enceph- encephalitis in adults and is most common
alitis in North America. Onset of illness is in children under 15 years of age. Case fa-
usually rapid with high fever, vomiting, stiff tality rates are highest in children 5 years of
neck, and drowsiness. Coma can occur by age and under (35%) and decrease to less
the second day. Children commonly mani- than 10% for older children and young
fest edema, either generalized, facial, or adults. Patients who survive VEE may
periorbital. Paralyses are common during have permanent neurologic sequelae, but
the acute phase, and EEE seems to pro- this outcome is less likely with VEE than
duce a greater disturbance in autonomic encephalitis associated with other togavi-
functions than other togaviral encephali- ruses (e.g., EEE) (1,117).
tides. Case fatality rates vary from 50% to
75% of symptomatic patients. Up to 30% of Prevention and Treatment
patients surviving the acute infection will
have neurologic sequelae, often of a severe Treatment is supportive. No effective an-
nature, requiring permanent institutionalcare Inpparnt nfetion an miler in- tiviral therapy is known. VEE is part of thecare. Inapparent infections and milder clin- S M I D d u di c v r p og a anUSAMRIID drug discovery program and
ical forms have been described. Poly(ICLC) is effective early in the infec-

The incubation period for WEE is 5-10 tion in the murine and primate model. Ri-
days, and the clinical symptoms observed bavirin and its triacetate are not effective,
depend on the age of the patient. A large however (J.W. Huggins and USAMRIID
number of asymptomatic infections or un-- Antiviral Drug Screening Program).
differentiated febrile illnesses occur. Illness
usually begins with headache, followed rap-
idly by fever, which can be so high as to be PRIMARY FEBRILE ILLNESS
life-threatening. Various manifestations of
altered sensorium can progress to coma. Undifferentiated febrile illness is charac-
Most infants will suffer convulsions. Most teristic of the majority of infections caused
adults, even with a severe clinical course, by arboviruses (Table 3). Dengue causes a
will recover completely if death does not significant number of febrile cases each year
occur. Children under I year of age fre- and is reviewed in the section of VHFs be-
quently suffer permanent sequelae ranging cause of its significant complication. Sandfly
from minimal brain dysfunction to epilepsy fever, although not a serious clinical disease,
or severe psychomotor disorders. is included because a ribavirin prophylactic

Very few people infected with VEE virus study has been conducted.
will have inapparent infection, but only a
small percentage develop neurologic in-
volvement. Many patients will have an un-
differentiated febrile illness but, more ty- Rift Valley Fever
pically, exhibit an influenza-like illness.
Symptoms are sudden onset with fevers, Rift Valley Fever causes a febrile diseasc
chills, myalgia, generalized malaise, head- in 95% of all cases but is reviewed in the
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section on viral hemorrhagic fevers be- curred among thousands of clinically diag-
cause of its sequelae. nosed cases.

Naples and Sicilian Sandfly Fever Experimental Therapeutics: Clinical Trials

Etiologic Agent It has not been possible to conduct a clin-

ical trial against Rift Valley fever; however,
Sandy; fevproer(Sis ane old-wrl ho e a controlled trial was conducted at USAM-

bovirus; its properties are similar to RVF. RIID against SF (Sicilian), which is useful

in evaluating potential clinical efficacy of

Epidemiology the drug against RVF. This model has been
used at USAMRIID since 1964 to study the

Naples and Sicilian SF occurs in Africa, effects of viral infection in humans. Riba-

Europe, and Asia. The epidemiology is virin was evaluated in a double-blind, pla-

closely associated with the habitats of the cebo-controlled study of prophylactic ef-
vector P. papatasi, which is found through- ficacy in prevention of sandfly fever

out the Mediterranean, extending as far (Sicilian) virus infection in human volun-

east as India and Transcaucasia. teers (C. Macdonald, K. Mckee, J. Hug-
gins, and P. Canonico, unpublished obser-
vations). Twelve adult human volunteers

Clinical Features were inoculated IV on day 0 with diluted
human plasma containing sandfly fever (Si-

SF is an acute, self-limiting febrile illness cilian) virus. Six subjects received oral ri-
normally transmitted by the bite of the bavirin, 400 mg each 8 hr for a total of 1,200
sandfly. The disease was recognized in mg/day beginning I day before infection
1887, and in 1908 an Austrian military com- and continuing for 8 days. Six subjects re-
mission reproduced the disease in humans ceived placebo in an identical manner. Four
by inoculation of healthy individuals with of six placebo controls became ill with fe-
blood obtained from patients in the first day ver, chills, myalgia, prostration, and head-
of fever. The clinical manifestations of ache lasting 3 days. Serum chemistries
sandfly fever were studied beginning in were unaffected, but leukopenia (mean
1944 by Dr. Albert Sabin in more than 100 WBC = 2,870) and decreased platelet
cases of experimentally induced disease (mean = 140,000) were seen. All four had
(127). Following intravenous inoculation, fever of greater than 100°F for 3 days, at the
the incubation period is 1.5-3.5 days. SF is same time as clinical illness. During this
sudden in onset with fever, lasting 2-4 time, sandfly antigen was detected by
days, and characterized by frontal and ELISA. Serum interferon levels were ele-
retroorbital pain, headache, photophobia, vated in clinically ill patients. These four
generalized malaise, arthralgia, and low placebo-treated patients showed positive
back pain. Anorexia, nausea, and, not in- serological evidence of infection as dem-
frequently, vomiting are associated with ill- onstrated by specific 1gM and IgG. All ri-
defined abdominal distress. Approximately bavirin treated subjects remained healthy
65% of patients have fever over 102'F but without clinical signs during the course of
not above 104.5°F. Fever above 100°F is the study, and five of six seroconverted.
seen in all patients who complain of a flu- The failure to infect some subjects, as
like illness. The disease is self-limiting with judged by seroconversion, is believed to be
complete recovery; no deaths have oc- caused by the long storage of the inoculum
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virus, which had lost infectivity. To provide gunya occur in urban and semiurban set-
meaningful comparisons, analysis concen- tings where the virus is transmitted by
trated on these patients with positive se- Aedes aegypti. Such epidemics can be ex-
rological evidence in infection. All four se- plosive, involving, almost simultaneously,
ropositive placebo patients became ill, with large populations. The geographic distribu-
fever, clinical signs and symptoms, and cir- tion is sub-Saharan Africa, India, and
culating viral antigen. All five seroposi- southeast Asia. Infections in southeast Asia
tive ribavirin-treated patients remained have coincided with outbreaks of dengue
asymptomatic during the entire study, pro- from the same vector (1).
viding evidence that ribavirin can prevent
the infection by a bunyavirus in humans
(128). Clinical Features

Chikungunya is characterized by fever,
Flaviviruses rash, and arthritis. Following an incubation

of 3-12 days, the disease presentation is
Many flavivirus infections produce an strikingly abrupt, with intense pain in one

uncomplicated febrile disease in a signifi- or more joints, followed by high fever and
cant percentage of patients; those that are myalgia. Rash develops on day 2-5 after
capable of causing significant sequelae are onset and is maculopapular. The acute dis-
covered in the section associated with those ease lasts 3-10 days, but convalescence
sequelae. may include prolonged joint swelling and

pain lasting weeks to months (I).
Dengue

Prevention and Treatment
Dengue causes a febrile illness in the vast

majority of cases, but is capable of causing No specific therapy is available.
severe hemorrhagic disease under certain
conditions. Dengue is reviewed in the sec-
tion on hemorrhagic fevers. DISCUSSION

Significant progress has been made in theAlphaviruses development of antiviral chemotherapy for

Chikungunya Virus hemorrhagic fevers. Much of this success
must be attributed to the good fortune of

Etiologic Agent the discovery of ribavirin, because studiesof over 100 close analogs have revealed

Chikungunya virus is an alphavirus, with few with similar or significantly increased

properties similar to other members of antiviral activity in animal models (J.W.
the family. It is serologically related to Huggins and USAMRIID Antiviral Drug

o'Nyong-Nyong. Screening Program) and none is at a state of
development to allow for clinical trials.

Intravenous ribavirin is currently an in-
Epidemiology vestigational new drug for hemorrhagic

fever with renal syndrome and is not
Chikungunya virus is transmitted among approved for general human use by the

monkeys and baboons by forest Aedes United States Food and Drug Administra-
mosquitoes. Large epidemics of chikun- tion (FDA). In clinical trials, ribavirin has
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demonstrated therapeutic benefit against 2. Shope RE. Bunyaviruses. In: Fields BN, Knipe
two hemorrhagic fevers, Lassa fever and DM, Chanock RM, Melnick JL. Roizman B,

Shope RE, eds. Virology. New York: RavenHFRS. Animal models have demonstrated Press, 1985:1055-82.
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